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MTD 15 :

NATIONAL FOREWORD

This Indian Standard which is identical with 1SO 3187 : 1989 ‘Refractory products — Determi-
nation of creep in compression’, issued by the International Organization for Standardization
( 1SO ), was adopted by the Bureau of Indian Standards on the recommendations of Refractory
Sectional Committee ( MTD 15 ) and approval of the Metallurgical Engineering Division Coungcil.

The text of ISO Standard has been approved as suitable for publication as Indian Standard
without deviations. Certain terminology and conventions are, however, not identical to those
used in Indian Standards. Attention is particularly drawn to the following:

a) Wherever the words ‘I1SO 3187° appear referring to this standard, they should be read
as ‘1S 15628 ( Part 18 )’; and

b) Comma (, ) has been used as a decimal marker which in Indian Standards, the current
practice is to use a point ( . ) as the decimal marker.

In this adopted standard, reference appears to certain International Standards for which Indian
Standards also exist. The corresponding Indian Standards which are to be substituted in their
place are listed below along with their degree of equivalence for the edition indicated:

International Standard . Indian Standard Degree of
Correspondence
ISO/R 836 Vocabulary for the IS 404 : 1987 Glossary of terms relating Technically
refractory industry to refractory materials equivalent
ISO 1893 : 1989 Refractory pro- IS 1628 (Part 2) : 1974 Methods of Technically
ducts — Determination of refracto- sampling and physical test for refrac- equivalent
riness-under-load ( differential — tory material — Determination of
with rising temperature ) refractoriness under load
1EC 584-1: 1977 Thermocouples — iS 2055 : 1962 Reference tables for Technically
Part 1 : Reference tables platinum/rhodium-platinum thermo- equivalent
couples
IEC 584-2: 1982 Thermocouples — IS 7358 : 1984 Thermocouples Technically
Part 2 : Tolerances equivalent.

For the purpose of deciding whether a particular requirement of this standard is complied with,
the final value, observed or calculated, expressing the result of a test or analysis, shall be
rounded off in accordance with IS 2 : 1960 ‘Rules for rounding off numerical values ( revised )’
The number of significant places retained in the rounded off value should be the same as that of
the specified value in this standard.
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Indian Standard

METHODS OF SAMPLING AND PHYSICAL TESTS
FOR REFRACTORY MATERIALS

PART 18 DETERMINATION OF CREEP IN COMPRESSION

1 Scope

This International Standard specifies a method for determining
creep in compression, which is the deformation of a refractory
material or product subjected to a constant load under isother-
mal conditions.

The test rig used in this method of test is the same as that
used for the determination of refractoriness-under-load (see
ISO 1893).

NOTE — The apparatus described is generally suitable for determi-
nation of creep in compression up to 1 600 °C.

2 Normative references

The following standards contain provisions which, through
reference in this text, constitute provisions of this international
Standard. At the time of publication, the editions indicated
were valid. All standards are subject to revision, and parties to
agreements based on this International Standard are encouraged
to investigate the possibility of applying the most recent editions
of the standards listed below. Members of IEC and ISO main-
tain registers of currently valid International Standards.

ISO/R 836 : 1968, Vocabulary for the refractories industry.
1ISO 1893 : 1989, Refractory products — Determination of
refractoriness-under-load (differential — with rising tempera-
ture).

IEC 584-1 : 1977, Thermocouples — Part 1. Reference tables.

IEC 584-2 : 1982, Thermocouples — Part 2. Tolerances.

3 Definition

For the purposes of this International Standard, the following
definition applies.

creep : Isothermal deformation of a stressed product as a
function of time.!

1) This definition is taken from iSO/R 836.

4 Principle

A test piece of given dimensions is heated under specified con-
ditions to a given temperature and at one of two specified
stages {see 7.2) in the test a constant compressive load is
applied to it. The deformation of the test piece at constant
temperature is recorded and the percentage change is evalu-
ated as a function of time.

There are two forms of the test, one where the load is applied
at room temperature and the other where it is applied at the test
temperature.

NOTE — The values between the end of the fifth hour creep and the
end of the test are usually in close agreement.

5 Apparatus

5.1 Loading device

6.1.1 General

The loading device shall be capable of applying a load centred
on the common axis of the loading column, the test piece and
the supporting column, and directed vertically along this axis at
all stages of the test. The loading device consists of the items
given in 5.1.2 t0 5.1.5.

A constant compressive load is applied in a downward direction
from above on the piece resting directly or indirectly on a fixed
base. It follows that the deformation of the test piece is re-
quired to be measured by some device that passes either
through the applied load or through an intermediate base. For
simplicity, the text and the figures 1 and 2 in this International
Standard show the measuring device passing through the base
but, by interchanging the bored column and refractory plate
with the unbored column and plate, it may be arranged that the
measuring device passes through the load, as in figure 3.

NOTE — Although both arrangements are within the scope of the
standard, it is preferable that the measuring device should be pos-
itioned below the assembly, as shown in the figures. The reasons for
this are outlined in annex A.
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5.1.2 Fixed column, at least 45 mm in overall diameter and
with an axial bore (see 5.1.5).

5.1.3 Moving column, at least 45 mm in overall diameter.

NOTE — Arrangements can be made for the upper moving column to
be fixed to the furnace, and the combination of furnace and column
then forms the moveable loading device.

5.1.4 Two discs, 5 mm to 10 mm thick and at least 50 mm in
diameter of an appropriate refractory material compatible with
the material under test {e.g. high-fired mullite or alumina for
alumino-silicate products, and magnesia or spinel for basic
products) which are placed between the test piece and the
fixed and moving columns. The disc placed between the test
piece and the fixed column shall have a central bore (see 5.1.5).
The ends of the fixed and moving columns shall be plane and
perpendicular to their axes; the faces of each disc shall be plane
and parailel.

NOTE — Platinum or piatinum/rhodium sheet (0,2 mm} may be placed
between the sample and the discs to prevent chemical reaction, par-
ticularly in the case of silica.

5.1.5 The arrangement of the two columns, the two discs,
the platinum sheet if used, and the test piece is shown in
figure 2, which also shows typical diameters of the bores in the
fixed column and in the disc between them.

5.1.6 The columns and discs shall be capable of withstanding
the applied load up to the final test temperature without signifi-
cant deformation. There should be no reaction between the
discs and the loading system.

5.2 Furnace (preferably with a vertical axis), capable of rais-
ing the temperature of the test piece to the final test
temperature at the specified rate (see 7.4) in an atmosphere of
air. The temperature of the region of the furnace occupied by
the test piece, when above 500 °C at a stable temperature,
shall be uniform around the test piece (12,5 mm above and
below) to within + 20 K; this shall be verified by carrying out
tests using thermocouples located at different points on the
curved surface of the test piece. During the period of constant
temperature, the fluctuations of temperature indicated by the
control thermocouple shall not exceed 5 K.

NOTE — The furnace design should be such that the whole of the
column assembly can be easily reached, either by movement of the
supporting column or, if access into the furnace is restricted, by move-
ment of the furnace itself. The assembly should be such that the test
piece and loading column stand vertically and co-axial with the support
column when unrestrained.

5.3 Maeasuring device, consisting of the following items :

5.3.1 Outer alumina tube, placed inside the fixed column to
abut on the lower side of the lower disc, and free to move
within the fixed column {see 5.3.3).

5.3.2 Inner alumina tube, placed inside the outer tube and
passing through the bores in the lower disc and in the test piece
to abut on the iower face of the upper disc, and free to move
within the outer tube, the lower disc and the test piece
(see 5.3.3).

5.3.3 The arrangement of the two tubes, the two discs and
the test piece as shown in figure 2, which also indicates typical
external and internal diameters of the outer and inner tubes.

5.3.4 Appropriate measuring instrument (for example a
dial-gauge or a length transducer connected to an automatic
recording system), fixed to the end of the outer tube (see 5.3.1)
and actuated by the inner tube {see 5.3.2). The sensitivity of the
measuring device shall be at least 0,005 mm.

5.3.5 The alumina tubes shall be capable of withstanding the
load imposed on them by the measuring instrument at all
temperatures up to the final test temperature without signifi-
cant distortion.

5.4 Temperature-measurement devices

5.4.1 Central thermocouple, passing through the inner
alumina tube (see 5.3.2) of the dilatometer, with its junction at
the mid-point of the test piece, for measuring the temperature
of the test piece at its geometric centre.

5.4.2 Control thermocouple, which shall be placed in a
sheath and situated outside the test piece {see figure 1}, for
regulating the rate of rise of temperature.

NOTE — For certain furnace constructions, it may be advisable to
place the thermocouple nearer to the heating elements.

5.4.3 The thermocouples shall be made from platinum and/or
platinum-rhodium wire, and shall be compatible with the final
test temperature. They shall be in accordance with IEC 584-1
or 584-2.

B5.4.4 The accuracy of the thermocouples shall be checked on
a regular basis.

6.5 Calipers, to measure to 0,1 mm.

6 Test piece

6.1 The test piece shall be a cylinder 50 mm + 0,5 mm in
diameter and 50 mm *+ 0,5 mm in height, with a hole from
12 mm to 13 mm in diameter, extending throughout the height
of the test piece, bored co-axially with the outer cylindrical
surface.

NOQTE — The axis of the test piece should preferably be in the direction
in which the product was pressed.

6.2 The top and bottom faces of the test piece shall be made
plane and parallel by sawing {(and grinding if necessary), and
shall be perpendicular to the axis of the cylinder. The surface of
the cylinder shall be free from visible defects. Measurements of
the height at any two points, using Vernier calipers, shall not
differ by more than 0,2 mm. When one face of the test piece is
placed on a plane surface and a set square also in contact with
the surface is brought into contact with any part of the
periphery of the test piece, the gap between the side of the test
piece and the square shall not exceed 0,5 mm.



6.3 To ensure that the top and bottom ends of the test piece
are flat over their entire surface, each end shall in turn be
pressed onto a levelling plate which is lined with carbon paper
and hard filter paper {0,15 mm in thickness). As an alternative
to carbon paper, the ends of the test piece may be inked using
a stamp pad. Test pieces that do not show two complete,
clearly visibie coloured impressions shall be re-ground.

NOTE — Itis also permissible to control the flatness of the surface with
a straightedge.

7 Procedure

7.1 Measure the height of the test piece to 0,1 mm, and
measure the inner and outer diameters of the test piece. Set up
the test piece between the supporting and loading columns
with the spacing discs, and adjust the measuring device to the
correct setting. Position the assembly within the furnace.

7.2 Apply a constant compressive load to the loading column
at one or other of the following stages in the test :

a) at the moment when the furnace is switched on, i.e,
from ambient temperature;

b) after the test piece has been maintained at the test
temperature for a given time (minimum 1 h, maximum 4 h).

Which alternative is used shall be stated in the test report.

NOTE — Alternative b) is applicable if the behaviour of the material is
only to be studied at the test temperature and allows the test piece to
be exposed to a pre-test soak at the test temperature. The duration of
this pre-treatment is stated in the test report.

7.3 The total load applied to the test piece, including the
mass of the moving column and the associated disc, shall be
such as to generate in the test piece a stress with one of the
following values, with tolerance limits of + 2 % :

a) for dense shaped products: 0,2 N/mm2;

b) for shaped insulating products: 0,05 N/mm2,
The total load used shall be rounded to the nearest 1 N.

NOTE — Tests for unshaped products are presently outside the scope
of this International Standard because there is no standard method for
preparing test pieces. However, if such tests are carried out using the
method described, the recommended loads are

a) 0,1 N/mm2 for dense unshaped products;

b) 0,05 N/mm?2 for unshaped insulating products.

7.4 Raise the temperature of the furnace at such a rate that
the regulating thermocouple {see 5.4.2} indicates a rate of rise
of temperature of between 4,5 K/min and 5,5 K/min.

NOTE — Up to a temperature of 500 °C, a heating rate of up to
10 K/min may be used.

7.5 In a test in which the load is applied when the furnace is
switched on, record the changes in the height of the test piece
and its temperature, at intervals not greater than 5 min during
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the period of heating and for the first hour after attaining con-
stant temperature as indicated by the control thermocouple.
Thereafter record the changes at 30 min intervals to completion
of the test.

7.6 In a test in which the load is applied after the test piece
has been maintained for a period at constant temperature,
record the change in height of the test piece and its
temperature, starting when the load is applied, at 5 min inter-
vals for the first hour and thereafter at 30 min intervals to com-
pletion of the test.

7.7 The standard time for testing shall be 25 h.

NOTES

1 Extensions may be agreed as required, up to a maximum of 100 hin
multiples of 25 h.

2 If the subsidence of the test piece exceeds some specified percen-
tage of its initial height, the test should be terminated.

8 Calculation of results

8.1 Load applied at ambient temperature

8.1.1 In atestin which the load is applied when the furnace is
switched on, use the resuits obtained in 7.5 to plot the curve C,
(see figure 4}, representing the percentage change in the
height of the test piece as a function of temperature, uncor-
rected for the changes in length of the alumina tubes (5.3.1
and 5.3.2).

8.1.2 Ascertain the changes in iength, as a function of tem-
perature, of a length of the inner alumina tube (5.3.2) equal to
the nominal height of the test piece. Express the value of these
changes as percentages of the nominal height of the test piece,
H, and with these percentages plot the correction curve C,
shown in figure 4.

8.1.3 Draw the corrected curve C; as shown in figures 4 and 5
in which, for any given temperature, AB = CD.

8.1.4 Express the resuits in the form of

a) a plot showing the percentage change in height of the
test piece (relative to its initial height) as a function of
temperature during the period of rising temperature (see
figure 5);

b) a plot of the creep showing the percentage change in
height of the test piece (relative to its initial height) as a
function of time during the period of constant temperature
(see figure 5);

c) a table of the creep showing the percentage change in
height of the test piece (relative to its initial height) at the
moment when the constant temperature was reached and
at intervals of 5 h thereafter;

d) the total creep value between the 5th and the 25th hour
of testing.
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NOTE — If the material began to deform before the test temperature

......... ah Anfarmanting ahosdd o cafaread tn in tha tact rama
was reached, such deformation should be referred to in the test report.

This deformation is the percentage change in the height of the test
piece (relative to its initial height), which occurs between the
temperature where the maximum on the expansion curve was
observed and the test temperature.

8.2 Load applied at test temperature

In a test in which the load is applied after the test piece has
been maintained for a period at constant temperature, express
the creep resulits in the following form, for which a correction
for the expansion of the alumina tube is not required :

a) a plot of the creep showing the percentage change in
height of the test piece (relative to its initial height) as a func-
tion of time during the period when the load was applied;

b) a tahla ~f ¢h,

eha . .
a table of the creep showing the npercentage change in

TOUM HIVUVVIHIY UIC PO LUNIayv viiar .5e L

height of the test piece (relative to its initial height) at the
moment when the load was applied and at intervals of 5 h
thereafter;

¢) the total creep valu
of testing.
9 Test report
The test report shall include the following particulars :

a) the name of the testing establishment;

b) the date of the test;

F-S

c} a reference to this international Standard, i.e., “‘Deter-
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d) the description of the material tested (for example
manufacturer, type, batch number, etc.);

e) if applicable, the number of tests performed on each
item (brick);

g) the type of furnace used;

h) the nature of the atmosphere in the furnace (if other
than air);

i) the heating rates employed;
i) the test temperature;

k) whether the load was applied when the furnace was
switched on or after a period of exposure to the test
temperature;

1} if applicable, the duration of exposure to the test

temperature before the load was applied;

n) the period for which the load was applied, or the
percentage deformation at which the test was terminated;

o) the results of the test in accordance with 8.1.4 or 8.2,
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e Moving columns (5.1.3)

Central thermocouple (5.4.1)

Control thermocouple {(5.4.2)

Test piece (6.1)

Disc (5.1.4)

Inner alumina tube (5.3.2)
Outer alumina tube (5.3.1)

Fixed column (5.1.2)

Measuring instrument (5.3.4)

A

N W . . . W, W W W . W W WA S, . W W U, W, Wik U . ¥

[

Figure 1 — Test apparatus — Measuring instrument below test piece
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Moving column {5.1.3}
¢ ext. 45 min.*

Upper disc (5.1.4)
¢ ext. 50,5

Pt-Rh sheet

%///////////

77 L L

All dimensions are in millimetres.
Typical dimensions are marked *

7L L L

T T T 7777 72 7 7Ll L L

\/

¢ ext. 50,5%
¢ int. 12*

Test piece {6.1)
¢#ext. 50 + 0,6
¢ int. 12 min. 13 max.

N\

Pt-Rh sheet
¢ ext. 50,5
¢ int. 10*

Lower disc (5.1.4)
¢ ext. 50,5 min.
¢ int, 10*

L L L L

—

Fixed column (5.7.2)

—————— ¢ ext. 45 min.
¢ int. 20 min.

QOuter alumina tube (5.3.1}
¢ ext, 16*

¢ int. 10*

Inner alumina tube (5.3.2)

f———— ) oxt. 8*

¢ int. 5*

L\j‘_‘— Central thermocouple (5.4.1)

Figure 2 — Preferred arrangement of test piece, columns, discs and tubes
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Figure 3 — Test apparatus — Measuring instrument above test piece
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Annex A
(informative)

Measuring device below or above the furnace

The arrangement of the test equipment with the measuring
device below the furnace containing the test piece is preferred
to the arrangement with the measuring device above the fur-
nace for the following reasons :

a) The transducer is then more easily maintained at a
suitable and reasonably constant temperature.

b} The mechanical load at the hot ends of the alumina
measuring tubes (5.3.1 and 5.3.2) is kept to a minimum.

This is particularly important in the case of the inner tube
(5.3.2). When the transducer is below the furnace the load at
the hot end of the inner tube is equal to the force applied by the
transducer spring, less the mass of the tube and the mass of
the thermocouple passing through it; the force applied by the
transducer spring may be set so as to be just adequate to main-
tain contact with the dise under all conditions.

Reprography Unit, BIS, New Delhi, India
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